In celery (Apium giwacokm L.), the two major translocated carbohydrates are sucrose and the acyclic polyol mannitol. Their metabolism, however, is different and their specific functions are uncertain. To compare their roles in carbon partitioning and sink-source transitions, developmental changes in 14 C)2 laIbeling, pooI sizes, and key enzyme activities in leaf tissues were examined. The proportion of label in mannitol incase dramatically with leaf maturation whereas that in sucrose remained fairly constant. Mannitol content, however, was high in all leaves and sucrose content increased as leaves developed. Activities of mannose-6P reductase, cytoplasmic and chloroplastic fructose-1,6-bisphosphatases, sucrose phosphate synthase, and sucrose synthase increased with leaf maturation and decreased as leaves senesced. Ribulose bisphosphate carboxylase and nonreversible glyceraldehyde-3-P dehydrogenase activities rose as leaves developed but did not decrease. Thus, sucrose is produced in all photosynthetically active leaves whereas mannitol is synthesized primarily in mature leaves and stored in all leaves. Onset of sucrose export in celery may result from sucrose accumulation in expnding leaves, but mannitol export is clearly unrelated to mannitol concentration. Mannitol export, however, appears to coincide with increased mannitol biosynthesis. Although mannitol and sucrose arise from a common precursor in celery, subsequent metabolism and transport must be regulted separately.
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Although sink to source conversions have been well characterized (7, 9, 11) , the exact mechanisms for these transitions and how they are regulated are still poorly understood. Fellows and Geiger (7) suggest that initiation of export in developing leaves is the result of phloem loading of solutes developing sufficient osmotic pressure to reverse the inward movement of solutes and produce translocation out of the new source. This hypothesis is supported by changes in carbon partitioning observed in expanding leaves of a variety of species. For example, in soybean (Glycine max L.) (21) and sugar beet (Beta vulgaris L.) (9) sucrose concentrations increased during leaf expansion. In squash (Cucurbita pepo L.) (23) and cucumber (Cucumis sativus L.) (17) matured (15) . Termination of solute import, however, is not simply the result of initiation of export nor does it necessarily require a positive carbon balance in the leaf (22) . Several studies indicate that activities ofenzymes involved in translocate biosynthesis and degradation are also important in sink-source conversions. For example, in apple activities ofthe enzymes responsible for sorbitol biosynthesis increased and those responsible for its oxidation decreased as leaves developed (15) . Similarly, activities ofenzymes involved in stachyose synthesis and degradation were well correlated with the accumulation of stachyose in expanding cucumber leaves (17) .
The objective of this study was to investigate leaf-age dependent differences in partitioning between sucrose and mannitol in celery (Apium graveolens L.) leaves. Celery was the system of choice for our studies for several reasons. Most importantly, celery produces and translocates two major carbohydrates, sucrose and the acyclic polyol mannitol (RJ Redgwell, WH Loescher, RL Bieleski, unpublished data). Although these share a common precursor, F6P3 (20) Carbohydrate Determinations. TMS derivatives of the neutral components from the fractionation scheme were analyzed by GC2/FID after conversion of sugars to their respective oxime derivatives (4).
Enzyme Assays. For all assays, extracts were prepared from the three terminal leaflets of different aged leaves as described in Figures 4 and 5. For chloroplastic and cytoplasmic FBPases, NADPH-requiring NRG3PDH and RuBP carboxylase, 1.0 g fresh material was ground for 1 min in 3.0 ml of the appropriate buffer with sand and acid-washed PVPP in a cold mortar and pestle and centrifuged at 12,800g for 4 min. For the M6PR assay, the extract from 0.2 g tissue was held on ice for 10 min after grinding for 1 min in 2.0 ml 100 mM Tris (pH 7.5 at 25C), 10 mM DTT, 2 mg PVPP, and a pinch of sand and then centrifuged at 12,800g for 1.5 min. The supernatant was used in every case.
Since inconsistent results were obtained using crude single-leaf extracts, SPS and SS were extracted from bulk samples of young, mature or old leaves from 17 (19) , the samples were dried, myo-inositol was added as an internal standard, and TMS derivatives were prepared and assayed for sucrose via GC2/FID (6). SPS was also partially purified from the supernatants by a modification of previously published techniques (10, 19) . Briefly, the supernatants were loaded onto a Sepharose 4B column (bed volume 18 ml) and absorbance at 280 nm monitored. When absorbance returned to baseline levels, SPS was eluted with 0.5 M KCI. Protein-containing fractions were pooled and concentrated with an Amicon ultrafiltration device equipped with a PM-10 membrane. The pooled fractions were dialysed overnight against Hepes-NaOH buffer and assayed as described above. Protein content was determined by the dye-binding method (3). Typically, specific activity increased 50-to 55-fold with this partial purification procedure and recovery was in excess of 100%.
RuBP carboxylase was assayed radiochemically (16) . The following enzymes were assayed spectrophotometrically at 28°C. Chloroplastic FBPase was assayed in a linked system at pH 8.8
and was not inhibited by 1 to 2 ,M fructose-2,6-bisphosphate (14) . Cytoplasmic FBPase was assayed as described above, except the pH was 7.5 and its activity was substantially inhibited by 0.5 to 2 ,M fructose-2,6-bisphosphate. NRG3PDH was measured as described by Kelly and Gibbs (13) . M6PR was assayed by a modified method of Rumpho et al. (20) using 650 Ml 10 mM Tris (pH 7.5), 100 Ml 1 mM NADPH, 100 MAl enzyme extract, and 150 Ml 100 mm mannose-6-P. At least three plants were assayed for each enzyme. Results shown are from representative plants. RESULTS To determine if major photosynthetic products changed with leaf maturity, leaves from 6, 12, 14, and 16 leaf plants were pulse-chase labeled with " CO2. The amount of4 C fixed, however, varied from leaf to leaf. For example, total incorporation of " C into leaves of the 14 leaf plant was 5579, 33,352, and 7885 dpm-mg-' fresh weight for leaf numbers 3, 7, and 11, respectively. Factors affecting incorporation included the amount of leaf tissue enclosed in the bag and changes in photosynthetic rates with leaf development (8) . For example, photosynthetic rates in young, mature, and old leaves, under light conditions similar to those used in the labeling studies, were 20, 28, and 40mg CO2 dm2-h-', respectively (8) . Because of these variations in incorporation efficiencies, all labeling data are presented as percent of radioactivity in the aqueous phase.
In all leaves, regardless of incorporation efficiency, 78% or more of the label was in the aqueous phase. As leaves developed, photosynthetic rates increased (8) as did the percent of radioactivity in the neutral fraction (Fig. 1) . Conversely, the percent of label in amino acid, organic acid, and phosphate ester fractions decreased with increasing leaf age. In all leaves, 72 to 95% of the neutral fraction radioactivity was in mannitol and sucrose whereas glucose comprised only 10% of the radioactivity in this fraction and fructose was labeled (9.3%) only in the youngest leaf of the 16 leaf plant. In all plants, 4 C-mannitol:'4 C-sucrose increased as leaves matured (Fig. 2) . This ratio only decreased in the oldest leaves of the 16 leaf plant which were beginning to senesce, as indicated by decreasing photosynthetic rates (8) . These data indicate that mannitol synthesis increased dramatically, relative to sucrose synthesis, with leaf maturation. The exception was the 16 leaf plant in which the percent of label in sucrose also increased with leaf age. In contrast to the labeling data, mannitol:sucrose pools decreased as leaves developed (Fig.  3) . Despite the differences in labeling patterns (e.g. ranging from 2.5-30.3% of the aqueous phase radioactivity in the 12 leaf plant), mannitol content was relatively constant (5.4-12.0 mg. g-' fresh weight in the 12 leaf plant). Although sucrose content increased with leaf maturation, mannitol content was always greater, 1.5-to 44-fold, depending on leaf age. Activities of enzymes responsible for mannitol and sucrose metabolism changed with leaf development. Activity of M6PR, cytoplasmic and chloroplastic FBPases, SPS and SS increased as leaves developed, peaked in the first fully expanded leaves and decreased in the older leaves (Fig. 4 and 5) . Although RuBP carboxylase and NRG3PDH activities increased as leaves matured these did not decrease in old leaves. high and sucrose levels were low, decreasing slightly in older leaves. A 10 min pulse with 4 C02 followed by an unspecified chase in ambient air showed that the amount of [14 Partitioning between polyol and sucrose during celery leaf maturation was different from that found in either apricot or apple. In celery, sucrose levels rose as leaves developed but the proportion of 4 CO2 partitioned into sucrose was fairly constant, indicating rapid utilization of sucrose for growth in young leaf tissue as reported in sugar beet (9) . The gradual accumulation of sucrose in expanding celery leaves may be related to the onset of sucrose export by developing sufficient osmotic pressure to initiate phloem loading as has been shown in sugar beet (7). In contrast, mannitol levels were high even in young celery leaves and remained relatively constant during leaf maturation even though mannitol biosynthesis increased as leaves matured. This suggests that the onset of mannitol export was correlated with the leaf's increasing capability to produce mannitol.
Changes in activities of enzymes involved in translocate synthesis and degradation may play important roles in sink-source conversions. SPS is the principal enzyme in sucrose biosynthesis in mature leaves (12) and SS is considered a key enzyme for sucrose utilization in sink tissues such as developing leaves (24) . In eggplant (Solanum melongena L.), cassava (Manihot esculenta Crantz), grapevine (Vitis vinifera L.), sugar cane (Saccharum officinarum L.), and maize (Zea mays L.) SS activities were highest in growing leaves (5), suggesting the importance ofSS in sink growth. In sugar beet, however, SS activities were similar in source and sink leaves while SPS activity was detected only in source leaves suggesting a difference in intracellular compartmentation of sucrose and sucrose metabolizing enzymes in sink and source leaves (9) . In celery, although the proportionof 14 C02
partitioned into sucrose was similar in most leaves, sucrose pool sizes increased with leaf maturation. Activities ofSS and SPS also appeared unrelated to the labeling data, with both exhibiting the highest activities in mature leaves.SS activity was lowest in young leaves which exhibited the highest sucrose utilization rates when leaf discs were floated on [14 Cjsucrose (6 
